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bstract
The classical Hantzsch reaction is one of the simplest and most economical methods for the synthesis of biologically impor-
ant and pharmacologically useful 1,4-dihydropyridine derivatives. Melamine trisulfonic acid (MTSA) under thermal condition is
roven to act as a very efficient catalyst for a one-pot synthesis of 2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-
exahydroquinoline derivatives in excellent yields from aldehydes, dimedone, malononitrile and ammonium acetate under
olvent-free conditions. The present environmentally benign procedure for the synthesis of 1,4-dihydropyridines is suitable for
ibrary synthesis and it will find application in the synthesis of potent biologically active molecules. The process presented here is
perationally simple, environmentally benign and has excellent yield. Furthermore, the catalyst can be recovered conveniently and
eused efficiently.
 2012 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
Multi component reactions allow the creation of
everal bonds in a single operation and are attracting
ncreasing attention as one of the most powerful emerg-
ng synthetic tools for the creation of molecular diversity
nd complexity. They also have considerable advantages
n terms of user and environmental friendliness because
f the step reduction and atom economy associated to
heir use [1]. Therefore, the design of novel MCRs has∗ Corresponding author. Tel.: +91 9944093020.
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attracted great attention from research groups working
in medicinal chemistry and drug discovery.
One-pot, four-component synthesis of symmetrically
substituted 1,4-dihydropyridines were first reported by
Arthur Hantzsch in 1882 [2]. 1,4-Dihydropyrdines
have been reported as anticancer [3], neurotropic [4],
glycoprotein inhibitors [5], bronchodilating [6] and
antidiabetic [7] agents. Tuberculosis (TB) is a com-
mon and often deadly infectious disease caused by
various strains of mycobacterium, usually Mycobac-
terium tuberculosis. Tuberculosis has been considered
to be a disease of poverty for many years with quite
rare occurrence in the developed countries. Recently,
studies showed that 3,5-dicarbamoyl derivatives of 1,4-
dihydropyridine (DHP) with lipophilic groups have
considerable antitubercular activity against M.  tubercu-
losis H37Rv [8,9].In order to model and understand these biological
properties and to develop new chemotherapeutic agents
based upon the 1,4-DHP motif, considerable effort has
been devoted to establish efficient and rapid methods
ah University for Science 6 (2012) 1–9
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products obtained were fully characterized by spec-
troscopic methods such as IR, 1H NMR, 13C NMR,2 K. Aswin et al. / Journal of Taib
for their synthesis. 1,4-DHPs are generally synthesized
using the Hantzsch method, which involves cyclocon-
densation of an aldehyde, a β-ketoester and ammonia
either in acetic acid or under reflux in alcohols for
long reaction times. Recently, a number of modified
methods using different catalysts like K7[PW11CoO40]
[10], p-TSA [11], grinding [12], FeF3 [13], Yb(OTf)3
[14], HClO4-SiO2 [15], cellulose sulfuric acid [16],
triphenylphosphine [17] and L-Proline [18] have been
developed. Many of these reported methods involve the
use of expensive reagents, hazardous solvents, long reac-
tion times and tedious workup procedures. Thus, the
search for new reagents and methods is still of growing
importance.
Recently, the use of melamine trisulfonic acid as a
catalyst in organic synthesis has increased considerably.
Melamine trisulfonic acid can be easily prepared. It is
effectively used as a catalyst in organic reactions, such
as regioselevtive nitration of aromatic compounds [19],
N-formylation of amines [20], aryldithienylmethanes
[21], spiro[pyrazolo[3,4-b]pyridine-4,3′-indoline]
derivatives [22].
In continuation of our ongoing work on
multi-component reactions (MCRs) such as 3,4-
dihydropyrimidin-2(1H)-ones/-thiones/imines [23],
β-amino ketone compounds [24], amidoalkyl naphthols
[25], 2-amino-4,6-diphenylpyridine-3-carbonitrile
derivatives [26] and -amino nitriles [27], we now wish
to report a facile and rapid one-pot three component
reaction for preparation of DHP derivatives 4a–4l  from
aldehydes, dimedone, malononitrile and ammonium
acetate using MTSA as reusable catalyst.
2.  Experimental
2.1.  Apparatus  and  analysis
Chemicals were purchased from Merck, Fluka and
Aldrich Chemical Companies. Melamine and chlorosul-
fonic acid were used for the preparation of MTSA. The
benzaldehydes used were with substituents H, p-OCH3,
p-CH3, p-Cl, p-NO2, p-Br, p-F, p-OH, m-Cl, m-NO2,
m-Br and m-OH. The solid aldehydes were used as
such and the liquid aldehydes were used after vacuum
distillation. Dimedone and ammonium acetate were
also used for the synthesis. The solvents like methanol,
1,4-dioxane, ethanol, cyclohexane, acetonitrile and
toluene were used to study the optimization of solvent
for the synthesis of 2-amino-4-phenyl-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline. All
yields refer to isolated products unless otherwise
stated. 1H NMR (500 MHz) and 13C NMR (125 MHz)
spectra were obtained using Bruker DRX-500 AvanceMelamine Melamine trisulfonic acid (MTSA)
Scheme 1. Preparation of melamine trisulfonic acid.
at ambient temperature, using TMS as internal standard.
FT-IR spectra were obtained as KBr discs on Shimadzu
spectrometer. Mass spectra were determined on a
Varion-Saturn 2000 GC/MS instrument. Elemental
analysis was measured by means of Perkin Elmer 2400
CHN elemental analyzer flowchart.
2.2. Preparation  of  melamine  trisulfonic  acid
(MTSA)
Melamine trisulfonic acid was prepared according to
the previously reported method by Shirini et al. [28]. A
250 ml suction flask charged with chlorosulfonic acid
(5 ml, 75.2 mmol) was equipped with a gas inlet tube for
conducting HCl gas over an adsorbing solution i.e. water.
Melamine (3.16 g, 25.07 mmol) was added in small por-
tions over a period of 30 min at room temperature.
HCl gas evolved from the reaction vessel immedi-
ately (Scheme 1). After completion of the addition of
melamine, the mixture was shaken for 30 min; mean-
while, the residual HCl was exhausted by suction. The
mixture was triturated with n-hexane (10 ml) and then
filtered. The solid residue was washed with n-hexane
(10 ml) and dried under vacuum. Melamine trisulfonic
acid (7.6 g, 84%) was obtained as a white solid.
2.3. General  experimental  procedure  for  the
synthesis of  2-amino-4-phenyl-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline
(4a–4l)
A mixture of aldehyde (2 mmol), dimedone (2 mmol),
malononitrile (2 mmol) and ammonium acetate (3 mmol)
was stirred at 60 ◦C in the presence of MTSA (5 mol%)
for the appropriate time. After completion of the reaction
(TLC monitoring), the reaction mixture was cooled to
ambient temperature, CH2Cl2 was added, and the MTSA
was filtered off. The filtrate was concentrated to dry-
ness, and the crude solid product was crystallized from
EtOH to afford the pure 2-amino-4-phenyl-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline. All themass spectroscopy and elemental analysis and have been
identified by the comparison of the spectral data with
those reported.
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.4.  The  spectroscopic  and  analytical  data  for  the
ynthesized compounds  are  presented  below
.4.1. 2-Amino-4-phenyl-3-cyano-7,7-dimethyl-5-
xo-1,4,5,6,7,8-hexahydroquinoline
4a)
IR (KBr, cm−1): 3433, 3322, 3213, 2199, 1697, 1623,
495. 1H NMR (500 MHz, CDCl3): δ  = 1.01 (s, 3H,
H3), 1.08 (s, 3H, CH3), 2.00–2.36 (m, 4H, 2×CH2),
.36 (s, 1H, CH), 5.36 (s, 2H, NH2), 7.05–7.29 (m,
H, ArH), 8.92 (s, 1H, NH) ppm; 13C NMR (125 MHz,
DCl3): δ  = 27.0, 29.6, 32.4, 36.5, 39.5, 50.6, 59.5,
13.2, 119.9, 126.3, 127.4, 128.2, 143.8, 155.7, 166.0,
97.0 ppm; MS (ESI): m/z  294 (M+H)+. Anal. Calcd
or C18H19N3O: C, 73.72; H, 6.48; N, 14.33. Found: C,
3.66; H, 6.57; N, 14.32.
.4.2.  2-Amino-4-(4-bromophenyl)-3-cyano-7,7-
imethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline
4b)
IR (KBr, cm−1): 3438, 3332, 3221, 2192, 1694, 1601,
500. 1H NMR (500 MHz, CDCl3): δ  = 0.95 (s, 3H,
H3), 1.06 (s, 3H, CH3), 2.04–2.32 (m, 4H, 2×CH2),
.33 (s, 1H, CH), 5.41 (s, 2H, NH2), 7.02–7.28 (m,
H, ArH), 8.81 (s, 1H, NH) ppm; 13C NMR (125 MHz,
DCl3): δ  = 27.3, 29.4, 32.6, 36.6, 39.4, 50.8, 59.5,
12.8, 119.8, 126.3, 127.3, 128.5, 144.0, 155.2, 167.0,
95.6 ppm; MS (ESI): m/z  372.9 (M+H)+. Anal. Calcd
or C18H18BrN3O: C, 58.08; H, 4.84; N, 11.29. Found:
, 58.02; H, 4.80; N, 11.25.
.4.3. 2-Amino-4-(4-nitrophenyl)-3-cyano-7,7-
imethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline
4c)
IR (KBr, cm−1): 3444, 3329, 3215, 2205, 1688, 1600,
502. 1H NMR (500 MHz, CDCl3): δ  = 1.05 (s, 3H,
H3), 1.03 (s, 3H, CH3), 2.07–2.47 (m, 4H, 2×CH2),
.26 (s, 1H, CH), 5.50 (s, 2H, NH2), 7.22–7.33 (m,
H, ArH), 8.88 (s, 1H, NH) ppm; 13C NMR (125 MHz,
DCl3): δ  = 26.7, 29.7, 32.8, 36.8, 39.6, 51.0, 59.5,
13.4, 120.6, 126.5, 127.0, 128.3, 144.2, 154.7, 167.3,
95.5 ppm; MS (ESI): m/z  339 (M+H)+. Anal. Calcd for
18H18N4O3: C, 63.90; H, 5.32; N, 16.56. Found: C,
3.78; H, 5.31; N, 16.49.
.4.4.  2-Amino-4-(4-methylphenyl)-3-cyano-7,7-
imethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline(4d)
IR (KBr, cm−1): 3436, 3318, 3219, 2208, 1698, 1598,
1494. H NMR (500 MHz, CDCl3): δ  = 0.99 (s, 3H,
H3), 1.01 (s, 3H, CH3), 2.06 (s, 3H, CH3), 1.99–2.30
m, 4H, 2×CH2), 4.42 (s, 1H, CH), 5.48 (s, 2H, NH2),
.02–7.16 (m, 4H, ArH), 8.78 (s, 1H, NH) ppm; 13Cersity for Science 6 (2012) 1–9 3
NMR (125 MHz, CDCl3): δ  = 26.9, 29.9, 32.7, 36.6,
39.6, 50.5, 59.7, 113.3, 121.4, 126.5, 127.2, 128.3, 144.3,
156.2, 168.3, 195.8 ppm; MS (ESI): m/z  308 (M+H)+.
Anal. Calcd for C19H21N3O: C, 74.27; H, 6.84; N, 13.68.
Found: C, 74.18; H, 6.82; N, 13.6.
2.4.5. 2-Amino-4-(4-methoxylphenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline(4e)
IR (KBr, cm−1): 3442, 3322, 3219, 2206, 1690, 1603,
1498. 1H NMR (500 MHz, CDCl3): δ  = 0.94 (s, 3H,
CH3), 1.00 (s, 3H, CH3), 3.66 (s, 3H, OCH3), 2.10–2.44
(m, 4H, 2×CH2), 4.29 (s, 1H, CH), 5.55 (s, 2H, NH2),
7.17–7.37 (m, 4H, ArH), 8.80 (s, 1H, NH) ppm; 13C
NMR (125 MHz, CDCl3): δ  = 26.5, 29.6, 32.5, 37.0,
39.4, 51.0, 59.3, 114.0, 120.9, 126.8, 127.3, 128.6, 144.6,
156.6, 168.0, 195.9 ppm; MS (ESI): m/z  324 (M+H)+.
Anal. Calcd for C19H21N3O2: C, 70.58; H, 6.50; N,
13.00. Found: C, 70.47; H, 6.48; N, 13.00.
2.4.6.  2-Amino-4-(3-bromophenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline
(4f)
IR (KBr, cm−1): 3429, 3327, 3212, 2192, 1694, 1618,
1510. 1H NMR (500 MHz, CDCl3): δ  = 0.95 (s, 3H,
CH3), 0.99 (s, 3H, CH3), 2.14–2.40 (m, 4H, 2×CH2),
4.35 (s, 1H, CH), 5.38 (s, 2H, NH2), 7.09–7.19 (m,
4H, ArH), 8.89 (s, 1H, NH) ppm; 13C NMR (125 MHz,
CDCl3): δ  = 27.3, 29.4, 32.5, 36.8, 39.3, 50.8, 59.5,
113.3, 120.2, 126.2, 127.2, 128.4, 144.0, 155.3, 166.9,
196.5 ppm; MS (ESI): m/z  372.9 (M+H)+. Anal. Calcd
for C18H18BrN3O: C, 58.08; H, 4.84; N, 11.29. Found:
C, 58.02; H, 4.82; N, 11.30.
2.4.7.  2-Amino-4-(3-nitrophenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline
(4g)
IR (KBr, cm−1): 3426, 3320, 3217, 2195, 1688, 1608,
1508. 1H NMR (500 MHz, CDCl3): δ  = 1.06 (s, 3H,
CH3), 1.14 (s, 3H, CH3), 2.20–2.55 (m, 4H, 2×CH2),
4.55 (s, 1H, CH), 4.78 (s, 2H, NH2), 7.48–7.70 (m,
4H, ArH), 8.92 (s, 1H, NH) ppm; 13C NMR (125 MHz,
CDCl3): δ  = 27.2, 30.3, 32.7, 36.8, 39.8, 51.0, 59.5,
112.9, 120.5, 126.7, 127.0, 128.4, 144.4, 155.1, 168.0,
195.0 ppm; MS (ESI): m/z  339 (M+H)+. Anal. Calcd for
C18H18N4O3: C, 63.90; H, 5.32; N, 16.56. Found: C,
63.80; H, 5.31; N, 16.53.
2.4.8.  2-Amino-4-(4-chlorophenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline(4h)
IR (KBr, cm−1): 3438, 3329, 3216, 2189, 1679, 1604,
1501. 1H NMR (500 MHz, CDCl3): δ  = 0.96 (s, 3H,
CH3), 1.03 (s, 3H, CH3), 2.02–2.33 (m, 4H, 2×CH2),
ah Univ
113.3, 121.3, 127.2, 127.5, 128.2, 144.4, 155.3, 167.7,
196.0 ppm; MS (ESI): m/z  312 (M+H)+. Anal. Calcd for
Table 1
Optimization of solvent for the synthesis of 2-amino-4-phenyl-3-
cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline.a
Entry Solvent Amount of
catalyst (mol%)
Time (h) Yield (%)b
1 Methanol 5 5 68
2 1,4-Dioxane 5 8 59
3 Ethanol 5 4 82
4 Cyclohexane 5 10 50
5 Acetonitrile 5 4 72
6 Toluene 5 10 45
7 No solvent 5 3 94
a Reaction conditions: benzaldehyde (2 mmol), dimedone (2 mmol),
malononitrile (2 mmol) and ammonium acetate (3 mmol) in the pres-
ence of MTSA (5 mol%) at 60 ◦C.
b Isolated yields.
Table 2
Optimization of catalyst for the synthesis of 2-amino-4-phenyl-3-
cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline.a
Entry MTSA (mol%) Time (h) Yield (%)b
1 0.5 5 45
2 1.0 5 57
3 2.0 4 66
4 3.0 4 77
5 4.0 3 86
6 5.0 3 94
7 6.0 3 88
a Reaction conditions: benzaldehyde (2 mmol), dimedone (2 mmol),
malononitrile (2 mmol) and ammonium acetate (3 mmol) in the pres-
ence of MTSA (5 mol%) at 60 ◦C.
b Isolated yields.
Table 3
The effect of recyclability of MTSA catalyst for the syn-
thesis of 2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline.a
Entry Cycle Time (h) Yield (%)b
1 0 3.0 94
2 1 3.0 92
3 2 3.0 90
4 3 3.0 884 K. Aswin et al. / Journal of Taib
4.12 (s, 1H, CH), 5.47 (s, 2H, NH2), 7.08–7.18 (m,
4H, ArH), 8.98 (s, 1H, NH) ppm; 13C NMR (125 MHz,
CDCl3): δ  = 26.7, 29.6, 32.4, 36.8, 39.6, 51.3, 59.4,
113.3, 120.5, 126.3, 127.3, 128.2, 145.0, 155.3, 166.5,
194.5 ppm; MS (ESI): m/z  328.45 (M+H)+. Anal. Calcd
for C18H18ClN3O: C, 65.96; H, 5.50; N, 12.83. Found:
C, 65.88; H, 5.48; N, 12.81.
2.4.9. 2-Amino-4-(4-hydroxyphenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline(4i)
IR (KBr, cm−1): 3438, 3382, 3325, 3205, 2197,
1689, 1602, 1492. 1H NMR (500 MHz, CDCl3): δ  = 1.03
(s, 3H, CH3), 1.02 (s, 3H, CH3), 2.11–2.44 (m, 4H,
2×CH2), 4.33 (s, 1H, CH), 5.88 (s, 2H, NH2), 7.07–7.27
(m, 4H, ArH), 8.77 (s, 1H, NH), 9.74 (s, 1H, OH) ppm;
13C NMR (125 MHz, CDCl3): δ  = 26.9, 29.9, 32.5, 36.6,
39.4, 50.8, 59.6, 113.1, 120.9, 126.6, 127.2, 128.0, 144.1,
154.9, 166.8, 194.8 ppm; MS (ESI): m/z  310 (M+H)+.
Anal. Calcd for C18H19N3O2: C, 69.90; H, 6.15; N,
13.59. Found: C, 69.84; H, 6.12; N, 13.57.
2.4.10.  2-Amino-4-(3-chlorophenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline(4j)
IR (KBr, cm−1): 3427, 3330, 3225, 2199, 1692, 1605,
1508. 1H NMR (500 MHz, CDCl3): δ  = 1.04 (s, 3H,
CH3), 1.01 (s, 3H, CH3), 1.97–2.36 (m, 4H, 2×CH2),
4.32 (s, 1H, CH), 5.38 (s, 2H, NH2), 7.21–7.38 (m,
4H, ArH), 8.93 (s, 1H, NH) ppm; 13C NMR (125 MHz,
CDCl3): δ  = 27.3, 29.6, 32.4, 36.4, 39.5, 51.2, 59.3,
113.3, 120.6, 126.7, 127.1, 128.2, 143.5, 155.5, 167.3,
193.9 ppm; MS (ESI): m/z  328.45 (M+H)+. Anal. Calcd
for C18H18ClN3O: C, 65.96; H, 5.50; N, 12.83. Found:
C, 65.94; H, 5.49; N, 12.82.
2.4.11.  2-Amino-4-(3-hydroxyphenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline(4k)
IR (KBr, cm−1): 3428, 3382, 3333, 3222, 2200,
1688, 1601, 1505. 1H NMR (500 MHz, CDCl3): δ  = 0.94
(s, 3H, CH3), 0.97 (s, 3H, CH3), 1.99–2.29 (m, 4H,
2×CH2), 4.28 (s, 1H, CH), 5.44 (s, 2H, NH2), 7.18–7.26
(m, 4H, ArH), 8.86 (s, 1H, NH), 9.79 (s, 1H, OH) ppm;
13C NMR (125 MHz, CDCl3): δ  = 26.8, 29.7, 32.3, 36.4,
39.3, 50.6, 59.4, 113.6, 121.3, 126.5, 127.4, 128.3, 143.9,
155.0, 166.0, 195.9 ppm; MS (ESI): m/z  310 (M+H)+.
Anal. Calcd for C18H19N3O2: C, 69.90; H, 6.15; N,
13.59. Found: C, 69.78; H, 6.13; N, 13.56.
2.4.12.  2-Amino-4-(4-fluorophenyl)-3-cyano-7,7-
dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline
(4l)
IR (KBr, cm−1): 3440, 3331, 3211, 2185, 1698, 1605,
1502. 1H NMR (500 MHz, CDCl3): δ  = 1.00 (s, 3H,ersity for Science 6 (2012) 1–9
CH3), 1.07 (s, 3H, CH3), 2.11–2.47 (m, 4H, 2×CH2),
4.20 (s, 1H, CH), 5.50 (s, 2H, NH2), 7.16–7.29 (m,
4H, ArH), 8.82 (s, 1H, NH) ppm; 13C NMR (125 MHz,
CDCl3): δ  = 27.3, 30.0, 32.3, 36.6, 39.6, 50.9, 59.7,a Reaction conditions: benzaldehyde (2 mmol), dimedone (2 mmol),
malononitrile (2 mmol) and ammonium acetate (3 mmol) in the pres-
ence of MTSA (5 mol%) at 60 ◦C.
b Isolated yields.
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Table 4
Synthesis of 2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline derivatives in the presence of MTSA (5 mol%).a
Entry Aldehyde Product Time (h) Yieldb (%) Mp (◦C)
Found Reported
1
CHO
4a 3.0 94 276–278 275–277 [12]
2
CHO
Br
4b 3.5 90 282–284 –
3
CHO
O2N
4c 3.5 95 286–288 –
4
CHO
H3C
4d 2.5 88 293–295 294–295 [12]
5
CHO
H3CO
4e 2.5 89 288–290 288–289 [12]
6
CHO
Br
4f 3.5 95 292–294 293–294 [12]
7
CHO
NO2
4g 3.5 91 274–276 –
8
CHO
Cl
4h 3.5 92 286–288 287–288 [12]
9
CHO
HO
 4i 3.0 90 268–270 –
10
CHO
Cl
 4j 3.5 88 266–268 –
6 K. Aswin et al. / Journal of Taibah University for Science 6 (2012) 1–9
Table 4 (Continued)
Entry Aldehyde Product Time (h) Yieldb (%) Mp (◦C)
Found Reported
11
CHO
OH
 4k 3.0 91 284–286 –
12
CHO
F
4l 3.5 90 270–272 –
a Reaction conditions: arylaldehyde (2 mmol), dimedone (2 mmol), malononitrile (2 mmol) and ammonium acetate (3 mmol) in the presence of
ied out at 60 ◦C.
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Fig. 1. Recyclability of MTSA catalyst for the synthesis of 2-amino-4-
phenyl-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline.
The catalyst MTSA reused four times.
CHO
OO CN
CN
NH4OAc
R1
R1
N
H
CN
NH2
O
(E) (E)+
1 2 3 4a- 4l
+
MTSA,5 mol%
Solvent-free
60oCMTSA (5 mol%) under solvent free condition. All reactions were carr
b Isolated yield.
C18H18FN3O: C, 69.45; H, 5.78; N, 13.50. Found: C,
69.30; H, 5.79; N, 13.52.
3. Results  and  discussion
We have developed an efficient synthesis of
2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline derivatives from the
reaction of aldehydes, dimedone, malononitrile and
ammonium acetate promoted by a catalytic amount of
MTSA (5 mol%) under solvent free conditions at 60 ◦C.
Herein, we wish to report our results.
To choose optimum conditions, first, the effect
of solvent on the rate of the reaction was studied
for the preparation of 2-amino-4-phenyl-3-cyano-
7,7-dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline by
four-component condensation reaction of benzaldehyde,
dimedone, malononitrile and ammonium acetate in pres-
ence of 5 mol% melamine trisulfonic acid under various
solvents like methanol, 1,4-dioxane, ethanol, cyclo-
hexane, acetonitrile and toluene at 60 ◦C (Table 1,
entries 1–6). It was found that the best results were
obtained with 5 mol% MTSA under solvent-free con-
dition (Table 1, entry 7). The reaction was completed
within 3 h and the expected product was obtained in a
94% yield.
Next, the study set out to determine the optimal
amount of MTSA. The reaction was carried out by vary-
ing amount of the catalyst (Table 2). Maximum yield was
obtained with 5 mol% of the catalyst. Further increase in
amount of MTSA in the mentioned reaction did not have
any significant effect on product yield.
Scheme 2. Synthesis of 2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline derivatives in the presence of
MTSA (5 mol%) as catalyst at 60 ◦C under solvent free conditions.
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fig. 2. (A) 1H NMR spectra of 2-amino-4-(3-nitrophenyl)-3-cyano-7,
f 2-amino-4-(3-nitrophenyl)-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8
The reusability of the catalyst was tested in the
ynthesis of 2-amino-4-phenyl-3-cyano-7,7-dimethyl-
-oxo-1,4,5,6,7,8-hexahydroquinoline. The catalyst
as recovered after each run, washed with CH2Cl2,
ried in an oven at 100 ◦C for 30 min prior to use, and
ested for its activity in the subsequent run with no
resh catalyst added. The catalyst was tested for fourhyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline (4g). (B) 1H NMR spectra
droquinoline (4g).
runs. It was seen that the catalyst displayed very good
reusability (Table 3 and Fig. 1).
Under the optimized set of reaction conditions a num-
ber of aromatic aldehydes 1  were allowed to undergo
MCR with dimedone 2, malononitrile 3  and ammo-
nium acetate in the presence of MTSA (5 mol%) under
solvent-free condition at 60 ◦C (Scheme 2). The results
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were given in Table 4. All the electron-rich and electron-
deficient aldehydes worked well leading to excellent
yields of the products. The progress of the reaction was
monitored by TLC.
The structures of isolated products 4a–4l  were
deducted by physical and spectroscopic data such
as: IR, 1H NMR and 13C NMR spectroscopy, mass
and elemental analysis. In IR spectra, symmetrical
and unsymmetrical stretching frequency of NH2 is
formed in region between ν  = 3444–3318 cm−1. The
stretching vibration of C N in nitrile group was
appeared in the region between ν  = 2200–2185 cm−1.
1H NMR spectra for compound 4g  is given in
Fig. 2A and B. In the 1H NMR spectra the two
singlet signals around δ  = 4.77 and δ  = 4.54 ppm cor-
responding to NH2 group at C-2 and CH at C-4
in 2-amino-4-(3-nitrophenyl)-3-cyano-7,7-dimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline. Presence of these
two signals confirmed the formation of desired prod-
ucts in the reaction. The other two singlet signals around
δ = 1.06 and δ  = 1.14 ppm corresponding to two methyl
groups at C-7. The signal around δ  = 2.20–2.55 ppm is
due to the presence of two CH2 at C-6 and C-8.
4. Conclusion
In conclusion, we have developed an easy
and efficient method to prepare a variety of
2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline derivatives from the
reaction of different aryl aldehydes, dimedone, mal-
ononitrile and ammonium acetate in the presence of
catalytic amount of MTSA at 60 ◦C under solvent-free
conditions and produced the corresponding products
in good to excellent yields. Also the catalyst could be
successfully recovered and recycled at least for four
runs without significant loss in activity. The one-pot
nature and the use of reusable and an eco-friendly
catalyst make it an interesting alternative to multi-step
approaches.
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